The measurement of the Z resonance parameters and lepton forward-backward asymmetries are presented. These are determined from a sample of 4.5 million Z decays accumulated with the Aleph detector at LEP I.
Introduction
From 1990 to 1995 the LEP e + e − storage ring was operated at centre of mass energies close to the Z mass, in the range | √ s − M Z | < 3 GeV. Most of the data have been recorded at the maximum of the resonance (120 pb −1 per experiment) and about 2 GeV below and above (40 pb −1 per experiment). The measurement of the hadronic and leptonic cross sections as well as the leptonic forward backward asymmetries performed with the Aleph detector at these energies are presented here. The large statistic allows a precise measurement of these quantities which are then used to determine the Z lineshape parameters: the Z mass M Z , the Z width Γ Z , the total hadronic cross section at the pole σ 0 had and the ratio of hadronic to leptonic pole cross sections R l = σ 0 had /σ 0 l . Here we will give some details of the Aleph experimental measurement of these quantities. A review of the whole LEP electroweak measurements and a discussion of the results as a test of the Standard Model can be found in another talk of this conference 1 .
Cross sections and leptonic Forward-Backward asymmetries measurement
The cross section and asymmetries are determined for the s-channel process e + e − → Z, γ → ff. The cross section is derived from the number of selected events N sel with
where f bkg is the fraction of background, ǫ is the selection efficiency and L is the integrated luminosity. Note that in the case of e + e − final state the irreducible background originating from the exchange of γ (Z) in the t-channel is subtracted from N sel to obtain the s-channel cross section.
The leptonic forward-backward asymmetry (A FB ) is derived from a fit to the angular distribution
where θ * is the centre of mass scattering angle between the incoming e − and the out-coming negative lepton.
To achieve a good precision on the cross section a high efficiency and low background is necessary while the asymmetry is insensitive to the overall efficiency and to a background with the same asymmetry as the signal. This justifies the use of different leptonic selections for cross section and asymmetry measurement.
Hadronic cross sections
Four million of e + e − →events have been recorded at the Z peak, leading to a statistical uncertainty of 0.05%. The systematic uncertainty has been reduced to the same level.
The hadronic cross section measurement is based on two independent selections. The first selection is based on charged track properties while the second is based on calorimetric energy. Details of these selections can be found in previous publications 2 . These two measurements are in good agreement and are combined to obtain the final result. The systematic uncertainties of these selections are almost uncorrelated because they are mainly based on uncorrelated quantities therefore the combination of the 2 selections allows to reduce the systematic uncertainty. Figure 1 shows the distribution of charged multiplicity versus the charged track energy for signal and background. These variables are used to separate e + e − →events from background in the charged track selection. The most dangerous background in both selections is γγ events because Monte Carlo prediction is not fully reliable. Therefore a method to determine this background from the data has been developed. This is achieved by exploiting the different √ s dependence of the resonant (signal) and non-resonant (background) contributions. The resultant systematic error (0.04%) reflects the statistic of the data.
The dominant systematic error in the calorimetric selection comes from the calibration of calorimeters (0.09%) and, in the charged track selection from the determination of the acceptance (0.06%). Table 1 gives a breakdown of the efficiency, the background and the systematic uncertainties of both selections.
Leptonic cross sections
The statistical uncertainty in the leptonic channel is of the order of 0.15%, The aim of the analysis is to reduce the systematic to less than 0.1%. Two analyses were developed for the measurement of the leptonic cross sections. The first one, referred to as exclusive is based on three independent selections each aimed at isolating one lepton flavour and still follows the general philosophy of the analysis procedures described earlier 2 . The second one is new and has been optimised for the measurement of R l , it is refered as global dilepton selection. The results of these selections agree within the uncorrelated statistical error and have been combined for the final result. These selections are not independent since they make use of similar variables therefore their combination does not reduce the systematic uncertainty.
We concentrate here on the global analysis. This selection takes advantage of the excellent particle identification capabilities (dE/dx, shower developement in the calorimeters and muon chamber information) and the high granularity of the Aleph detector. First di-leptons are selected within the detector acceptance with an efficiency of 99.2% and the background arising from γγ,and cosmic events is reduced to the level of 0.2%. Then the lepton flavour separation is performed inside the di-lepton sample so that the systematic uncertainties are anti-correlated between 2 lepton species and that no additional uncertainty is introduced on R l . Table 2 gives a breakdown of the systematic errors obtained with 1994 data. The background fromand γγ events affects mainly the τ + τ − channel, therefore this channel is affected by bigger selection systematics than e + e − and µ + µ − . As an example we consider the systematic errors related to the τ + τ − selection efficiency. This efficiency is measured on the data: τ + τ − events are selected using tight selection criteria to flag τ -like hemispheres; with the sample of opposite hemispheres, artificial τ + τ − events are constructed by associating two back-to-back such hemispheres and the selection cuts are applied. In order to assess the validity of the method and to correct for possible bias of this method, two different Monte Carlo reference samples are used. On the first sample the same procedure of artificial τ + τ − events is applied, on the second one the selection cuts are applied directly. The uncertainty on the efficiency measured with this method is dominated by the statistic of the artificial events used in the data. This method is applied in order to measure ll˙proc: submitted to World Scientific on March 30, 1999 Table 2 . Systematic uncertainties in percent of dilepton cross sections for peak 1994 data. Correlations between lepton flavours are taken into account in the l + l − column. the inefficiency arising fromcuts and in the flavour separation.
The dominant systematic in e + e − channel arises from t-channel subtraction and is given by the theoretical uncertainty 3 on the t-channel contribution to the cross section.
This leptonic cross section measurement contributes to a systematic uncertainty on R l of 0.08%.
Leptonic Forward-Backward asymmetries
The measurement of the asymmetries is dominated by the statistical uncertainty equal to 0.0015. Special muon and tau selections have been designed for the asymmetry measurement while the e + e − exclusive selection is used for the e + e − asymmetry measurement. The e + e − angular distribution needs to be corrected for efficiency before subtracting the t-channel and therefore relies on Monte Carlo while µ + µ − and τ + τ − angular distributions do not need to ll˙proc: submitted to World Scientific on March 30, 1999 be corrected with Monte Carlo since the selections are designed so that the efficiency is symmetric. Because of the γ − Z interference, the asymmetry varies rapidly with the centre of mass energy √ s ′ around the Z mass. Cuts on energy induce a dependence of the efficiency with √ s ′ and therefore could introduce a bias in the measurement since the efficiency would no more be symmetric. To minimise these effects the selections are mainly based on particle identification instead of kinematic variables. Figure 2 shows the particle identification efficiency as Figures 3 and 4 show the measured cross sections and asymmetries. The Z lineshape parameters are fitted to these measurements with the latest version of ZFITTER 4 . The error matrix used in the χ 2 fit includes the experimental statistic and systematic uncertainties, the LEP beam energy measurement uncertainty and the theoretical uncertainties arising from the small angle Bhabha cross section in the luminosity determination and the t-channel contribution to wide angle Bhabha events. The results are shown in Table 3 .
The value of the Z couplings to charged leptons |g V | and |g A | can be derived from these parameters. The experimental measurement is shown in Figure 5 with the Standard Model prediction. The data favor a light Higgs.
The value of α s can also be extracted from R l , Γ Z and σ 0 had : α s = 0.115 ± 0.004 exp ± 0.002 QCD (3) where the first error is experimental and the second reflects uncertainties on the QCD part of the theoretical prediction 
Conclusion
The high statistic accumulated by Aleph during LEP 1 running allows to measure the hadronic and leptonic cross sections and the leptonic forwardbackward asymmetries with statistical and systematic precision of the order of 1 permil. These measurements are turned into precise determination of the Z boson properties and constraints on the Standard Model parameters.
